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CHARACTERISTICS OF THE WNR - A PULSED SPALLATION NEUTRON SOURCE

G. J. Russell, P. W. Lisowski, S. D. Howe, N. 5. P. King and M. M. Mcier

University of California
Los Alamos National Laboratory
Los Alamos, New Mexico 87545 USA

The Weapons Neutron Resaarch faciliiy {WNR) is a pulsed spallation neutron scurce in operation
at the Los Alamos National Laboratory. The WNR uses part of the 800-MeV proton beam from the
Clinton P, Anderson Meson Physics Facility accelerator. By chocusing different target and mod-
erator configurations and varying the proton pulse structure, the WNR can provide a white
neutron source spanning the energy range from a few meV to 800 MeV. The neutrocn spectrum from
a bare target has been measured and is compared with predictions using an Intranuclear Cascade

mode) coupled to a Monte Carlo transport code.

Calculations and measurements of the neutronics
of WNR target-moderator assemblies are presented.

[800-MeV protons, spallation, neutron spectra, | meV-800 eV neutrons, Intranuclear Cascade

Predictions]

Introduction
The Weapons Neutren Research facility''? {is an
operational pulsed spallation rneutron cou~ce at
the Les Alamos Nat:onal Laboratory. At the WNK, &
porvion cf *he {ntense B800-MeV proton beam pro-
ducea by the Clinton P. Anderson Meson Physics
Faci1ity (LAMPF)’ bombards a target to produce an
intente white-neutron source. Variable proton
pulse widths are available at the WNk giving
time-of-flight (TOF) experimental capability tor
neutrons from a few meV to 800 MeV. The flexibil-
ity and capadMlity of the WNR will be enhanced by
the addition of & Proton Storage Ring (PSR)*, The
PSR, presently under construction and scheduled
for operation 1n 1986, will be able to alter the
intensity, time structure, and repetition rate of
the WNR proton puise. We present here s descrip-
tinn of the WNR, 1ts operating characteristics,
:?d some neutron spettra measurements and calcula-
ons.

Faci11ty Description

The WNR 1s one of seversl experimental facilities
Tocated at LAMMF; the laysut of the WNR s §1lus-
t-acad in Fig. 1. At prosent, the high-current
area (target 1) {s capable of accepting up to 20
wA of proton beam., Target 1 has a vertical!
ur?et. {8 surrounded by a i-m diam by 2-m high
cylindricul votd, and ts shielded by a 3.7-m-vhick
Tamingted {ron-concrete structure. Target 1 has a
very flexible target-moderator —reflector handlin
scheme; all three confipurativns shown in Fig.

ares employsd. The orientstion of the reflected
'T'-thape moderator in target 1 fs {1lustrated in
Fig. 3. For use with the PSR, the shielding and
handling scheme tor targetr, modersiors, and re-
flectors {s being upgraded fnr operatfon with 100
wAh of proton current., Neutrcn beams are extra ted
2t %0° to the target axts; fiight paths from 5 1o
several hundred meters are availahle., Bssic re-
search {n suclear physics and materials science
retearci s done fn the high-current target area.

The Yow-current target arer (target 2) can sccept
up to 0.1 uA of proton hewm or be usad fcr
measui ements with nevtrons from target L. The
horizontal proton bear 1n target 2 strikes targetw
which can be viewed at a variety of anglex (from
7.5 to 165°) to the protun bemm. We have imple -
mented 30-m fi{ght paths at 7.%5°, 18°, and X" tu
study (p,xn;- &nd (p,xp)-type resctions, and are
cc. sidering longer flight paths and other angles.
In taraet 2, we have also developed the cnpnh?lny
to measure (for 800-MeV-proton spallation reac-
tions). 1) aspatia) distributions of (ahsolutu)
‘thermal' neutror surface fluxes from moderators,
2) absclute neutron spectra for energies < 10 eV,
and  3) neutron pulse shaves for energicr < 0.172
eV. MWe use this unfque expertmental capabilt

(combined with excellent computationsl support

to .ptimize the neutronics of the high—current
production target system in terms of neutron beam
fluxes and pulse widths, and minimizing high-
energy neut-on beam :ontamination and asseciated
backgrounds % 7,

Using targets placed fr the WNR beam chanrel, we
have constructed a 200-m fiight path at 9° to the
protun beam. This flight path combined with a
unique WNR proton pulse structure* allows high
resolution experimernts to be performed at reutron
energies up to BOO MeV *.

Operating Characteristics

With or without the PSR proton beam, the WNR can
operate in two modes. Tnese mrdes arc as follows:

micropul se mode
« without PSR
wmicrosecond mode

short bunch higt

frequency mode
ewith PSR

Tong bunch high

frequency mode

A summary of the WNR proton pulse characteristics
{fs given in Table 1. At present, the width of the
WNR proton pulse can be varied from 200 ps to 8
us. The PSR will p-ovide additional pilse-width
and repetitfon-rate combinatfons with higher f{n-
stantaneous intensities, and more average protor
currents.

Neutronfc Claracteristics

Thy various desigars of target, target-moderator,
and urfet -moderator -voflector corfigurations for
target 1 lsee Fig, 2) are strongly influenced by
the need for neutrons with energies ranqing from a
fow meV to AOD MeV having pulse widths as narrow
as prectical. We use a2 bare target to produce
neutrons with energies Z 100 ke¥ ', an unreflected
'fast' moderator for .eutrons with energiex |
v SE X100 keV', and a reflected system for
neutrons with energies 5 1 eV.

The high-resolution bare target presently used fin
target 1 consists of a Ta cvifnder (2.5-cm diam by
15-cm long) placed In a water cooled Al canister,
We measurnrd the neutron spectrum (at 90° to the
proton beam) from such a target; the results are
shown in Flg. 4 and compared with calculated pre-
dictions. The bare-target data were measured

¥ The mInTmum proton pulse width at the WNR was
medsured tc he Ipproﬂl\ltﬂ{ 200 ps FWHM,
This curresponds to 2 single LAMPF micropulse.



at a 29.4-m flight path using TOF techniques and a
scintillator of known efficiency. For these
measurements, we used 200-ps-wide proton pulses
spaced 11 .s apart at 12 Hz. Charged particle
contamination of the neutron beam was observed to
contritute significantly to the detector count
rate at energies > 100 MeV and was eliminated
using sweep magnets. The experimental data have
been normalized to calculated results at 10 MeV,

In target 2, we measured the neutron beam flux
from a reflected 'T'-shape muderator using a BFj3
detector, a 5.6-m flight path, and 15 ns proton
pulses at 120 !iz”. The measured data are shown in
Fig. 5 for a 100 cm’ field-of-view &t the
moderator surface. The target was a 4.5-cm-diam
by 25-cm-long W rod. The CH; moderator had a
0.0025-cm~thick Gd pofson sheet located 1.91 cm
fran the ‘'~wed surface. The moderator wes
isciated from the Be reflector by 0.076 c¢cm of Cd.
Te Be reflector was a cube with a 46-cm side.
Keasured neutron pulses rom the Cd-decoupled,
Gd-pofsoned CHy moderator are {llustrited in
Fig. 6

State-of-the-art Monte Carlo codes are operatinnal
on the Los Alamos computing system. These codes
{nclude the ORM.  High Energy Nicleon Meson
Transport Code (HETC)'®, and the sophisticated Los

Alamos coupled neutron-photon transport code
MCNP 'Y, We used these codes in the calculation
shown 1n Fig. 4. W¢ have also computed the

neutronics of moderated systems. In particular,
we have calculated the outward neutron current at
& moderator surface fur the two configurations
shown in Fig. 7, the results are given in Fig. 8,
We used a 2.5-cm-diam by 15-cm-long Ta target in
the unreflected slab-moderator computations. A
S5-cm-diam by 25-cm-long W Target was used in the
reflected  wing-moderator calculatfons. The
reflector was a Be cube (5C om on a side), and the
modecator was 3.5 cm fran target center. The
Cd-decoupler was 0.076-cm thick, and tnhe Gd poison
sheet was 0.0025-om thick Fp'luced 1.5 cm from the
viewed surface. Note in Fig, 8 the decrease in
thermal neutron current when a reflected system i
decoupled and poisoned; the thermal neutron pulse
characteristics are, however, significantly better
for the decoupled/pofzoned system'. In Fiy. 8,
the nrutron  current  fram  the  unreflected
slab-moderator 1s averaged over 400 cm’ whereas
the neutron current from the wing-moderators were
averaged over 100 cm’.  The presence of a
high-energy neutron component, beginning at ~!
MeV, in a ceater-looking field-nf-view from a slad
mode) ator fcomparod to the offset field-of-view in
wing geometry) can be seen {n Fig. 8. Thiz
high-enerqy neutron component can exteni up to a
few hundred MeV®,

The characterfzation of the WNR peutronic
capahility wi)l <continue {n an effort to
intercompare calculatiors with experiments on an
sbsolute basis.

This work was performed under the auspices of the
U.S. Department cf Energy. We acknowledge tne
help of E.R, Whitake in preparing the figures and
R.E. Prael in our .omputing effort., Our thanks to
Anselma Martiner for typing the paper,
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Fig. 1 This figure shuws a layout of the WNR and the location of the
proton storage ring, The high-current target f{s located in a
vertical proton heam and s viewed by 11 horizontal flight
paths. The low-current target fs located in a horizontal proton
hoam and viewed by 11 horizontal flight paths and ane vertica)
flight path. The 0° flight path extends out the end of the
j.roton beam channel hetween the high- and low-current tarqet
areas.
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The Weapons Neutron Research facility (WNR) is a pulsed spallation neutron source in operation
at the Los Alamos National Laboratory. The WNR uses part of the 800-MeV proton beam from the

Clinton P. Anderson Meson Physics Facility accelerator. By choosing different target and mod-
erator configurations and varying the proton pulse structure, the WNR can provide a white

neutron source spanning the energy range from a faw meV to 800 MeV. The neutron spectrum r-opm
3 bare target has been measured and is compared with predictions using an Intranuclear Cascade

model coupled to a Monte Carlo transport code.

Calculat uns and measurements of the neutronics
/ of WNR target-moderator assemblies are presented.

[800-Mev protons, spallation, neutron sp:ctra, 1 meV-800 MeV neutrons, Intranuclear Cascade

Predictions]

Introduction

The Weapons Neutron Research facility is an
operational pulsed spallation neutron source at
the Los Alamos Mational Leboratory. At the WNR, a
portion of the intense B800-MeV proton beam pre-
duced by the Clinton P. Anderson Mason Physics
Faciiity (LAMPF;’ bombards a target to nroduce an
intense white-neutron source, Variable proton
pulse widths are available at the WNR giviny
time-of-flight (TOF) experimental capabilfty for
neutrons from a few meY to 800 MeV. The flexibil-
1ty and capabilfty of the WWNR will be enhanced by
4he addition of a Proton Storage Ring (PSR)*. The
PSR, presently under construction and scheduled
Tor operation in 1986, vi11 be able to alter the
intensity, time structure, and repetition rate of
the WNR proton pulse. We present here » dcscrip-
tion of the WNR, {ts operating characteristics,
and some neutron spectra measurements and calcula-
tions,

1,2

Facility Nescription

The WNR s one of several experimental facilities
tocated at LAMPF; the layout of the WNR s fllus-
trated in Fig. 1. At present, the hfgh-current
area (target 1) fs capable of accepting up to 20
wA of proton beam. Target 1 hgs a vertical
target, 1s surrounded by a 2-m diam by 2-m high
cylindrical void, and s shielded by a 3.7-m-thick
laminated fron-concrete structure. Target 1 has a
very flexible target-moderato: —reflector handling
schane; 11 three configurctions shown in Fig. 2
are employed. The orientation of the reflected
'T'-shape moderator n target 1 13 {)lustrated in
Fig. 3. For use with the PSR, the shielding and
handl{ng scheme for targets, moderators, and re-
flectors s being upyraded tor operation wit) 100
vA of proton current. Neutron beams are extracted
at 90° to the target axis; fl{ght paths from 5 to
several hundred meters are avatlable. Basic re-
search in nuclerar physics and materfals science
research {s done 1n the high-current target area.

The low-current terget area (target 2) can accept
up tc 0.1 uA of proton beam or de used for
measurements with neutrons from target 1. The
horfzontal proton beam {n target 2 strikes targets
which can be viewed at a variety of angles (from
7.3° to 165°) to the proton beam. We have imple-
mented 30-m fl{ght paths at 2.5, 15°, and 30" to
study {p.xn)- and {p,xp)-type reactions, and are
considering longer fH?M paths snd other angles.
In turget 2, we have also developed vi. rapabiltty
to measure (for B800-MeV-proton spallatfon -eac-
ttons): 1) spatial distridbutfont of (ubsolute)
‘thermal' neutron surface fluxes from moderators,
2) absolute neutron spectra for energles < 10 eV,
and 3) n:tron pulse shapes for energies < 0.172
eV, We use this unicue experimental capabflity
(combined with excellent computational suprort)

to optimize the neutronics of the high—current
production target system in termr of neutron beam
fluxes anuc pulse widths, and minimizing high-
energy neutron beam contamination and associated
backg.-ounds 3% 7,

Using targets placed in the WNR beam channel, we
have constructed a 200-m flight path at 0° to the
proton beam. This fliyht patn comdined with a
unfque WFY proton pulse structure* allows high
resolution expuriments to be performed at neutron
energies up to BOD MevV®,

Operating Characteristics

With or without the PSR proton beam, the WNR can
operate in two modes. These modes are as follows:

micropul se moge
« without PSR 3

microsecond mode

short bunch high
‘ frequency mode
swith PSR
long bunch high
‘ frequency mode

A summary of the WNR nroton pulse characteristics
ts given in Table 1. At present, the width of the
WNR proton pulse can be varfed from 200 ps to 8
#s. The PSR will provide additional pulse-width
and repetitfon-rate combinations with higher 1n-
stantaneous {intensities, and more average proton
currents.

Neutronic Characteristics

The various designs of target, target-moderator,
and target-moderator -reflector configurations for
target 1 (see Fig. 2) are strongly {nfluenced by
the need for neutrons with cnergies ranging from a
few me’’ to BOO MeV having rulse widths as narrow
as practical. We use a2 bare target to produce
neutrons with cnergfes Z 100 keV !, an unreflected
‘fast’ moderator for neutrons with energies 1
ev <E X100 keV' an’ a reflected system for
neutrons with energies < 1 eV,

The hign-resolution bare target presently used fin
target 1 consists of & Ta cylinder (2.5-cm diam by
15-cm long) placed 1n a water cooled Al canfister.
We measured the neutron spectrum (at 90° to the
srotc- heam) from such a target; the results are
shown in Fig. 4 ond compared with calculated pre-
dictions. The bare-target data were measured

Y TThe minImum proton pulse w.dth at the WNR was
measured to be approximately 200 ps FWHM.
This corresponds to a single LAMPF micropulse.



